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Introduction
Gamma-band responses (brain oscillations in the 30 to 90 Hz range) are thought to represent a key neural signature of information processing in the human brain (Fries, 2009; Rodriguez et al., 1999) . These responses have been associated with basic sensory processing such as visual (Adjamian et al., 2004; Hoogenboom et al., 2006; Muthukumaraswamy et al., 2009 Muthukumaraswamy et al., , 2010 , auditory (Gurtubay et al., 2004; Steinschneider et al., 2008) , and tactile (Bauer et al., 2006; Gaetz and Cheyne, 2003) stimulation. Recent data suggest that gamma-band response plays an important role in various cognitive processes as well, and has been observed under a variety of higher-order cognitive tasks involving perceptual (Keil et al., 1999; Tallon-Baudry et al., 1996 , learning (Gruber et al., 2001; Miltner et al., 1999) and memory (Lutzenberger et al., 2002; Tallon-Baudry et al., 1998) processes.
Motor cortex gamma-band responses have been observed using electrocorticographic (ECoG), electroencephalographic (EEG) and magnetoencephalographic (MEG) recordings -typically in experiments involving sustained movements of specific body parts (Crone et al., 1998) , or following simple (ballistic) finger movement tasks (Cheyne et al., 2008; Gaetz et al., 2010) , yet the functional significance of these responses remains unclear. Crone et al. (1998) was first to describe primary motor (MI) gamma-band responses in ECoG recordings for patients asked to make sustained muscle contractions in one of several body parts (tongue protrusion, fist-clenching, hand foot dorsiflexion) in response to a picture stimulus of these body parts. Increases in gamma-band power were observed contralaterally, and showed a somatotopic functional organization (Crone et al., 1998) . MEG recordings of these motor specific gamma-band responses have been confirmed using self-paced movements of different body parts (Cheyne et al., 2008) and in visually-cued tasks in children as well as adults (Gaetz et al., 2010) .
Recently, a series of MEG experiments was conducted to assess the functional significance of the MI gamma-band response.
NeuroImage 74 (2013) xxx-xxx ☆ Disclaimer: No author declares a conflict of interest. This study was supported in part by NIH grant R01DC008871 (TR) and a grant from the Nancy Lurie Marks Family Foundation (NLMFF), and Autism Speaks. This research has been funded (in part) by a grant from the Pennsylvania Department of Health. The Pennsylvania Department of Health specifically disclaims responsibility for any analyses, interpretations or conclusions. Dr Muthukumaraswamy (2010) demonstrated that MI gamma was similarly observed for both cued and self-paced transient finger movements but not during passive movement. Relatively large ballistic movements of greater movement amplitude were associated with increased MI gamma power. In addition, the first movement in a repetitive movement sequence showed the largest MI gamma-band power. Similarly, when required to produce sustained isometric finger movements for several seconds, MI gamma was also shown to be maximal during the onset of force production and not during the maintenance of isometric contraction (Muthukumaraswamy, 2010) . These observations indicate that movement related sensory feedback (proprioception) and actual efferent cortico-spinal activity are not sensitive predictors of MI gamma power. However, specific aspects of a prepared movement or train of movements (particularly the time point around movement onset) does appear to be associated with increased MI gamma-band power.
The possibility that the motor gamma-band reflects aspects of a so called top-down cognitive process has been reported previously. For example, Donner et al. (2009) observed an increase in MI gamma following movements embedded in a perceptual decision-making task. The authors showed that motor gamma-band activity increased several seconds before movement execution and was predictive of the subject's behavioral response. More recently, Miller et al. (2010) reported ECoG increases in gamma-band activity during motor imagery tasks involving the hand and tongue (Miller et al., 2010) . Interestingly, these authors demonstrated that the amount of imagery-induced motor gamma-band power (typically~25% of that observed with actual movements) from a functionally distinct cortical area could be augmented within minutes (b10 min) of imagery-based feedback. Together these results support the position of MI gamma-band activity as a top-down attention dependent motor process possibly reflecting locally recurrent network interactions involved in the formation and maintenance of a motor plan (Donner et al., 2009; Pesaran et al., 2002) .
To explore this question further, the current experiment was conducted to assess whether motor gamma-band oscillations are sensitive to interference between competing response options. Here, response interference refers to the finding that performance (typically measured as reaction time or RT) deteriorates when a dominant response has to be suppressed in order to give an alternate (instructed) response relative to the condition in which the dominant response and the instructed response are the same (Stins et al., 2007) .
We used a response-interference task called the Multi-Source Interference Task (MSIT) (Bush and Shin, 2006) to assess whether the motor gamma-band response was sensitive to tasks involving response interference. Using this task, the amount of motor gamma-band power was compared directly between Control and Interference conditions, and RT was used as a behavioral correlate of performance monitoring (i.e. the detection and resolution of stimulus-based interference). Apart from RT, no other differences were anticipated between Control and Interference conditions in terms of the actual performance of movements (i.e., the total number of responses or response accuracy per condition). We hypothesized that the motor gamma-band response would be greatest under the Interference condition, thus supporting the model that the motor gamma-band response reflects top-down cognitive control associated with the maintenance of an ongoing motor plan.
Material and methods
Twenty-four right-handed adults (mean age 30.96 ± 7.36 (SD); 8 F) participated in our experiment with informed consent and in compliance with the Declaration of Helsinki and approved by the local ethics committee at the Children's Hospital of Philadelphia.
Participants were seated upright in a dimly lit shielded room and asked to perform the MSIT task using right hand only (see Fig. 1 for task details). The MSIT task has been used in a variety of fMRI experiments and is known to reliably activate dorsal anterior midcingulate cortex (daMCC) as well as bilateral prefrontal cortex (Bush and Shin, 2006; Bush et al., 2003) and the posterior medial prefrontal cortex (pMFC) using fMRI (Fitzgerald et al., 2010) . To our knowledge, ours is the first MEG experiment to adopt the MSIT task. However, it was anticipated that sensitivity to deep midline pre-motor structures such as the daMCC and pMFC would be reduced due to source depth and the possible cancellation of bilateral midline structures (Lang et al., 1991) .
A brief training period preceded data collection where all subjects were required to demonstrate that they understood the MSIT task as confirmed by visual inspection of stimulus and response pairings (typically no more than 10 pseudo-randomly presented MSIT trials were needed).
MEG was recorded using the CTF-Omega 275 channel radial gradiometer system (VSM MedTech, Coquitlam, BC). Whole-head MEG recordings were sampled at 1200 Hz (0.12 to 600 Hz band-pass) recorded continuously. Each MSIT trial consisted of a 0.5 s pre-stimulus baseline period where a white fixation cue ("+") was presented centrally, followed by 3 s where the MSIT number stimulus was shown, followed by 0.5 s of blank screen (4 s total per trial). Eighty Control and eighty Interference trials (pseudo-randomly presented) were recorded for each participant for a total of 640 s of recorded MEG. Visual stimuli were presented through a back projection system via a Sanyo Pro Xtrax Multiverse projector with a screen size of 1024 by 768 pixels and a frame rate of 60 Hz, controlled by Presentation software (Neurobehavioral Systems Inc). A screen mounted phototransistor was used to synchronize MEG acquisition with actual time of delivery of visual stimuli to avoid latency jitter due to refresh rate.
Participants were adult volunteers with previously acquired brain MRIs. Head surface and fiducial coil locations were digitized using Polhemus (Fastrak; Polhemus, USA). Fiducial coregistration was then based on in-house surface matching software which aligned the head surface extracted from each subject's MRI with the Polhemus measured head shapes.
Beamformer analysis
The continuously recorded MEG data were epoched at −3.5 to 0.5 s with respect to the button press response at time= 0 s. Differential images of source power (pseudo-t) were constructed between baseline and active time windows using a differential minimum-variance beamformer algorithm (Synthetic Aperture Magnetometry SAM) (Robinson and Vrba, 1999; Van Veen et al., 1997) for gamma-band (60 to 90 Hz) frequencies. To evaluate possible changes in the temporal evolution of the motor gamma in relation to Interference and Control stimuli, two separate "active" time windows were used: "Post-Response" analysis used a time window of 0.3 s duration placed at 0 s to 0.3 s with respect to the button press at time zero. The "Pre-Response" time window was placed at −0.3 s to 0 s with respect to the button press at time zero. For both time windows, differential images of gamma-band source power were calculated in relation to a 0.3 s duration control window placed at 0.1 to 0.4 s with respect to the onset of the 0.5 s duration visual fixation stimulus. Covariance estimates were calculated using the full 4 s (−3.5 to 0.5) epoch and for gamma (60-90 Hz) frequency band.
Group analysis using FSL
MRI structural images and the individual differential SAM beamformer results for Pre and Post-Response gamma-band analysis were first normalized to the Montreal Neurologic Institute (MNI) 151 template using a non-linear (FNIRT) (Andersson et al., 2008) transform. Voxelwise General Linear Modeling (GLM) was applied to the normalized beamformer images using permutation-based non-parametric testing correcting for multiple comparisons using the FMRIB Software Library (FSL: http://www.fmrib.ox.ac.uk/fsl/). Nonparametric permutations (Nichols and Holmes, 2002) for within and between condition t-tests were conducted using the full permutation set (4096) for each condition with 10 mm of variance smoothing following previously published MEG/beamformer methods (Hamandi et al., 2011) . Family-wise error (FWE) corrected p values are reported using a non-parametric null distribution of the max (omnibus) voxelwise test statistic using a 2.5 cm cluster-based threshold.
ROI time-frequency analysis
Time-frequency analysis of SAM virtual sensor data was based on group level regions of interest (ROI). Significant ROI locations observed following group-level statistical analysis were evaluated by transforming the ROI coordinates (observed in MNI space) back to each individual's MRI. These coordinate locations were then used to assess virtual sensor time-frequency analysis using the Hilbert transform. Time-frequency analysis of source waveforms for each individual's ROI locations were conducted at 0.5 Hz frequency steps between 1 and 100 Hz and represented as a percentage change from baseline values (0.1 to 0.4 s w.r.t. fixation) for each frequency band.
Group-averaged time-frequency plots were then compared between conditions using a voxel-wise paired t-test over a −1.5 s to 0.5 s time window and for 1 to 100 Hz frequency bands. Paired t-test differences between conditions were corrected using a non-parametric permutation test of the omnibus cluster distribution observed over the baseline 0.5 s time window when the fixation point was presented.
EMG measures of response timing
Any observed differences in brain activity between MSIT conditions might be due to systematic (within-condition) differences in button press response planning or performance. To assess the question of between-condition response differences, bi-polar EMG electrodes were placed at 3 locations on the right hand and arm for a subset of 9 subjects and simultaneously recorded with the MEG. Three forearm EMG electrodes were placed to assess whether differences in the involvement of the digit flexors might exist between Control and Interference trials. Three forearm muscle EMG locations were determined by active flexion of the digit during a sustained depression of the associated response button and are likely reflective of flexor carpi radialis and palmaris longus muscle activity. These three EMG locations were recorded with reference to the tendon bundle at the wrist. In addition, 4 of these subjects also had EMG placed on the ipsilateral left hand to assess the presence of inadvertent activity of the non-involved left hand. For all EMG electrode recordings of the right hand, no systematic differences were observed in the timing of responses to Control or Interference stimuli, however MSIT Interference trials were associated with greater overall EMG activity at the time of the button response. No activity was observed in the subjects for whom ipsilateral EMG activity was recorded. See the on-line supplement for a summary.
Results
Prior to analysis, the behavioral responses of all subjects were inspected, with the rule that any subject who exhibited excessive response variability (RT standard deviation) would be removed from further analysis. A response time outlier was defined as any within-condition RT standard deviation (SD) which exceeds 3× the interquartile range determined using stem-and-leaf boxplots in SPSS (PASW Statistics 18; http://www-01.ibm.com/software/analytics/spss/ ). Using this criterion, a single subject was removed, leaving N = 23 who were included in all subsequent data analysis.
Behavioral results
MSIT Control condition mean RT was 652.7 ms; ±130.7 (SD). The MSIT Interference condition mean RT was 857.6 ms; ±183.3 (SD) (see Fig. 2 for Behavioral results summary). As anticipated, the group mean RT was significantly slower to respond on Interference trials (paired t-test; p b 0.00005). Group mean accuracy was 99.25 % for Control trials and 98.6 % for Interference trials (n.s.). All error trials were removed before MEG source analysis was performed.
Post-Response (0 to 0.3 s) gamma-band analysis
Group-averaged activity for both Control and Interference conditions for the Post-Response time window is shown in Fig. 3 . Significant (pb 0.001; within-group t-test) motor gamma-band activity was observed for both Control and Interference conditions for the PostResponse (0 to 0.3 s) "active" time window. Gamma-band activity localized to contralateral primary motor cortex (MIc) in agreement with previous observations (Cheyne et al., 2008; Gaetz et al., 2010) . The power at the grand-averaged peak location observed for Control condition was weaker than that observed for the Interference condition (1.20 vs. 1.40 (pseudo-t) respectively), however no significant between condition difference was observed for the 0 to 0.3 s Post-Response time period (paired t-test, FWE corrected).
Pre-Response (− 0.3 to 0 s) gamma-band analysis Group-averaged activity for both Control and Interference conditions for the Pre-Response time window is shown in Fig. 4 . Significant (p b 0.0005; within-group t-test) motor gamma-band activity was observed for both the Control and Interference conditions for the Pre-Response (− 0.3 to 0 s) active time window. The Pre-Response grand-averaged peak for Control trials decreased in power (1.03 pseudo-t (Pre-Response) vs. 1.20 pseudo-t (Post-Response)), however, the grand-averaged peak for the Interference trials increased in power relative to the Post-Response time window (1.54 pseudo-t (Pre-Response) vs. 1.40 pseudo-t (Post-Response)). A significant between-condition difference was observed for the Pre-Response activity localized to left hemisphere pre-central gyrus (Brodmann Area 6; BA6) (pb 0.001; paired t-test FWE corrected). In addition, ipsilateral right hemisphere BA6 showed a non-significant trend between conditions (p=.13; paired t-test FWE corrected). Finally, a significant activation was also observed in the right Inferior Frontal Gyrus (R-IFG) (p b 0.05; paired t-test FWE corrected) (see Fig. 4 for Lt BA6 activity; R-IFG location is shown in Fig. 6a ).
Time-frequency analysis of motor gamma
Peak locations of significant activity for Lt BA6 and R-IFG activity were transformed back to each individual's MRI coordinates. Source waveforms based on locations showing significant differences were then compared using time-frequency analysis. Time-frequency plots for the left BA6 gamma-band peak location (bottom of Fig. 4 ) are shown for each condition in Figs. 5a and b. Voxel wise paired t-tests show a significant increase in contralateral (pre-central) motor gamma activity starting approximately 0.6 s prior to button press (pb 0.05, corrected).
In addition to significant activity occurring at gamma-band frequencies, Fig. 5 also shows a significant increase in beta event-related desynchrony (ERD) observed at the contralateral left BA6 location. Control condition beta ERD was observed to decrease at~−0.4 s prior to the response whereas beta ERD onset occurs earlier (~−0.6 s prior to the button press) for interference responses. Thus, a statistical difference in beta ERD was observed to occur from~−0.7 to~−0.4 s which likely reflects both greater beta ERD power on Interference Trials as well as the expected difference in beta ERD onset due to different response latencies (~200 ms RT differences between Control mean RT and Interference mean RT; see Fig. 2 ) between conditions. Beta ERD has been shown to be sensitive to both response preparation (i.e. such as anticipation of a response cue (Alegre et al., 2003) ; and response uncertainty (Tzagarakis et al., 2010 ) (see Kilavik et al., in press ) for a recent review on beta oscillations in sensorimotor cortex (Kilavik et al., in press ). However, given the focus of the current study on gamma-band responses, beta ERD sensitivity to MSIT response interference was not assessed further.
Neural correlates of reaction time (RT)
Current results suggest that an increase in motor gamma-band activity is associated with response interference stimuli which are known to also produce slower responses. Thus, we conducted post-hoc analysis to assess neural correlates of reaction time. First, we evaluated whether peak pseudo-t power from BA6 was associated with RT. Pearson correlations were calculated assessing linear trends between mean RT separately for each response condition and pseudo-t peak values (measured for both the Post-Response and Pre-Response time windows). No significant correlations were observed, however trends were observed for both Control and Interference conditions. The largest correlation observed for the Control condition was for the Pre-Response activations (r=−0.275; p=0.2, 2 tailed). The largest correlation observed for the Interference condition was for the Pre-Response time window (r=−0.31; p=0.14, 2 tailed).
TF analysis of R-IFG gamma
The remaining ROI candidate region for assessing neural correlates of RT was the R-IFG; thus we performed post-hoc analysis assessing . No significant differences were observed between conditions using paired t-tests and Family-wise error (FEW) correction. Fig. 4 . The peak locations of the MIc (Control and Interference conditions) for N=23 subjects were thresholded using one sample t-tests at pb 0.0005 for the Pre-Response (−0.3 s to 0) activation time window. A significant difference was observed between conditions (paired t-test (FEW corrected)) to precentral motor areas (BA6). A significant activation of R-IFG was also observed (pb 0.05; paired t-test (FEW corrected)). the degree to which R-IFG predicted response timing. However, unlike the gamma-band response from BA6, where peak values can be observed in each individual's data on Control and Interference Trials, the R-IFG activity was not typically observed in Control and Interference trials, and thus peak-based correlation analysis with RT (as done above) was not possible. Instead, we transformed the location of the statistically significant peak difference observed at R-IFG (from the averaged, co-registered data) to each individual's MRI coordinates for timefrequency analysis. A significant area of gamma-band activity was observed in the 60 to 90 Hz band and for the time period of − 0.3 s to 0 s. Voxel-wise correlation analysis between the TFR difference (Interference−Control) and demeaned Delta RT (Interference−Control) showed a significant correlation for a time-frequency window of −0.3 s to 0.0 s and 60 to 90 Hz frequency band (R 2 =0.196, pb 0.05) (see Fig. 6 ). Thus, individuals with the greatest increase in reaction time (Interference − Control RT) tended to show relatively more gamma-band activity from R-IFG.
Discussion
The purpose of this study was to investigate the functional significance of the motor gamma-band response by exploring motor gamma sensitivity to tasks involving response interference. Using the Multi-source Interference Task (MSIT) we observed motor gamma-band power which was sustained for hundreds of milliseconds prior a button press response on interference trials only. Previous MEG studies have shown that simple ballistic finger movements produce only a very brief period of increased contralateral motor gamma (~200 ms) typically peaking at the time of movement onset (Cheyne et al., 2008; Gaetz et al., 2010; Muthukumaraswamy, 2010) although trace amounts have been reported which precede EMG onset (Miller et al., 2009 ). Consistent with these prior studies, our present findings also show that the bulk of motor gamma-band power remains focused around MIc at movement onset. The motor cortex response to MSIT control trials was consistent with these previous observations showing a characteristic burst of motor Fig. 5 . Time-frequency analysis of source activity from BA6 locations are shown for Control and Interference trials. Interference trials are associated with an increase in gamma-band power from contralateral (left hemisphere) BA6~0.6 s (50-75 Hz band) prior to response at time=0 s (pb 0.05 corrected). Ipsilateral (right hemisphere) BA6 gamma-band activity is also increased on Interference trials, starting~−0.6 s prior to button press response, and persists for~0.3 s Post-Response (pb .05 corrected). A between condition beta-band ERD difference was also observed (lower panel) which mainly occurred~−0.6 to −0.4 s prior to the response and which likely reflects the between-condition difference in mean reaction time.
gamma-band activity peaking at the time of movement onset and which localized to contralateral MIc. However, unlike these prior studies, responses to MSIT interference were associated with significantly increased pre-movement motor gamma-band activity. Whereas Post-Response (0 to 0.3 s) activity was localized primarily to MIc for both Control and Interference conditions, Pre-Response activity was associated with an increase in BA6 activity with response interference. Time-frequency plots from contralateral BA6 shows increased and sustained gammaband activity occurring approximately 0.5 s prior to the button press response on interference trials. In addition, we observed a novel finding of increased R-IFG gamma-band activity between MSIT conditions. Furthermore, post-hoc analysis showed a significant correlation of R-IFG gamma-band activity with MSIT behavioral responses (Interference RT−Control RT). These findings are consistent with prior studies using response inhibition tasks (SSRT, Go-No Go tasks) that have identified R-IFG as a specialized structure for response inhibition and attentional control (Aron and Poldrack, 2006; Hampshire et al., 2010) .
The response interference network
Using fMRI, MSIT response interference has been shown to activate a variety of cortical and sub-cortical mid-line structures in the frontal lobe including daMCC, pMFC (including supplementary motor areas -SMA) as well as bilateral prefrontal areas (Bush and Shin, 2006; Bush et al., 2003; Fitzgerald et al., 2010) . Some components of this response interference network may be beyond the ability of MEG to measure for reasons of source depth and in the case of the SMA, incompatible source geometry (Lang et al., 1991) . However, it should be noted that the daMCC/SMA gamma-band activity was observed in association with contralateral motor gamma-band activity for 8 of our 23 participants on Interference trials (Pre-Response).
Previous studies have shown that the R-IFG is critically important for response suppression (Stop-signal paradigm or SSRT) (Aron and Poldrack, 2006) and the inhibitory control of motor responses (e.g. (Hampshire et al., 2010; Swann et al., 2009 Swann et al., , 2012 Verbruggen et al., 2010) . Moreover, successful inhibition on SSRT tasks involves both R-IFG and sub-thalamic nucleus (STN) activity, and the strength of activation in these areas has been shown to predict SSRT (Aron and Poldrack, 2006) . While it remains unclear how this inhibitory function is implemented in the motor system, recent models propose that the IFG and STN (a nuclei of the basal ganglia) constitute an inhibitory "hyper-direct" network for motor control (Aron and Poldrack, 2006) . However, R-IFG has also been shown to be active on tasks with no obvious inhibitory component (Hampshire et al., 2009) . Moreover, recent functional connectivity analysis (Duann et al., 2009 ) has shown no direct inhibitory influence from R-IFG on STN during the stop-signal task, but rather appeared to exert influence over motor control via connections to preSMA (Duann et al., 2009 ). While our data adds further support for the proposal of right hemisphere specialization in response control, it should be noted that L-IFG has also been implicated as an important structure for successfully suppressing prepotent but inappropriate responses such as those germane to Go/No Go inhibition (Swick et al., 2008) . Thus it appears that frontal lobe involvement in response control is likely task-specific.
Motor control and the gamma-band
In addition to the well studied deficits in motor control and tremor associated with basal ganglia dysfunction, individuals with Parkinson's disease (PD) also have pronounced difficulty resolving response interference (Wylie et al., 2007 (Wylie et al., , 2009a . Evidence also suggests that deep brain stimulation to the STN influences both impulsive behavior (Wylie et al., 2007 (Wylie et al., , 2009a (Wylie et al., ,b, 2010 and response inhibition (Aron and Poldrack, 2006) . These findings support the view that the basal ganglia and specifically the STN not only play a key role in action selection but also the management of response interference (Hikosaka, 1998; Mink, 1996; Wylie et al., 2009b) . Moreover, the STN is also known to exhibit gamma-band frequencies and shares functional connections with premotor structures such as the SMA, BA6 as well as primary motor cortex. For example, in a study involving Parkinson's patients on and off medication, Lalo et al. (2008) measured EEG in conjunction with deep brain stimulation (DBS) in a group of Parkinson's patients (Lalo et al., 2008) . Lalo et al. (2008) used directed coherence to measure features of the cortico-basal ganglia network including bi-directional coupling at beta (15-30 Hz) and gamma-band frequencies. Whereas directed coherence between SMA and STN was greater at rest than during movement in the beta band, directed coherence between SMA and STN and MI to STN was highest following levodopa in the gamma-band (65 to 90 Hz). Direct support for the involvement of the STN in response inhibition has been demonstrated by Alegre et al. (2012) in a report involving Parkinson's patients with bilaterally implanted deep brain stimulation electrodes. Patients in the "on" medication state showed a significant response-locked increase in gamma-band power and cortico-subthalamic coherence, whereas successfully inhibited responses were associated with a bilateral decrease in gamma power and decrease in cortico-subthalamic coherence (Alegre et al., 2012) . Importantly, this inhibition-related decrease of gamma-band activity was absent in patients resistant to dopamine-agonist related impulsecontrol disorders.
Increased gamma-band power has also been observed from sub-cortical motor structures under conditions of increased cognitive control. For example Tsang et al. (2012) have recently shown increased gamma power from contralateral global pallidus interni (GPi) on internally controlled (self-paced) tasks and not for externally triggered movements (Tsang et al., 2012) . Taken together these data argue for the existence of a basal ganglia cortical circuit operating predominantly at gamma-band frequencies and for which the constituent nodes of the circuit likely depend on task demands (Alegre et al., 2012; Tsang et al., 2012) .
The main purpose of this study was to assess the functional significance of the motor gamma-band. Indeed while prior studies have demonstrated little modulation of gamma-band activity by various task demands (Muthukumaraswamy, 2010) , the present findings illustrate the sensitivity of gamma-band power to at least one type of experimental manipulation (response interference). Consistent with previous findings (Donner et al., 2009) , our novel observations suggest that motor cortical gamma-band activity is closely linked to the ongoing motor control and decision making processes and thus might reflect locally-recurrent network gamma-band based interactions that maintain an evolving motor plan. However it is currently unclear whether this activity truly reflects coordination with frontal and sub-cortical structures or possibly long-range communication with more distant brain areas (e.g. parietal lobe) also known to be involved with response control (de Lange et al., 2008; Siegel et al., 2011) . Future work is needed to validate these network models of motor control, and to further detail the degree to which other well-known frequency bands of the cortical and sub-cortical motor control network (such as beta-band ERD) exhibit sensitivity to tasks involving response interference. The question of how these brain areas "communicate" information either within a narrow frequency band such as the gamma-band or by exploiting cross-frequency coupling between brain areas (de Lange et al., 2008; Jensen and Colgin, 2007) remains an interesting topic for future studies.
